aspects of visual abilities, visual attention, and fitness to drive of PwMS.
Literature Review

Visual Ability and Visual Attention Impairments in the MS Population
Visual abilities are critical for driver fitness, as they allow a person to detect, recognize, and distinguish objects and events in the environment (Elgin, Owsley, & Classen, 2012, p. 174) . Notably, 90% of PwMS have visual ability impairments at some point in the course of the disease (Jacobs, Steven, & Galetta, 2004) . Most frequently, visual abilities are impaired due to demyelination of the afferent (i.e., optic chiasm, optic tract, or optic radiation) or efferent visual pathways (i.e., cerebellum, brainstem). Lesions in the afferent visual pathway commonly cause acute optic neuritis. This condition presents with unilateral, subacute loss of vision with pain on eye movement. Accordingly, acute optic neuritis may lead to deficits in acuity, peripheral fields, color perception, depth perception, and/or contrast sensitivity (Frohman, Frohman, Zee, McColl, & Galetta, 2005; Galetta & Balcer, 2013 ; The Optic Neuritis Study Group, 1991) . Moreover, lesions in the efferent visual pathway often cause ocular motor dysfunctions, such as internuclear ophthalmoplegia. This condition is another common manifestation of MS, characterized by impaired rapid, coordinated, horizontal saccades and slowed adducting of the eyes. As a result, diplopia, oscillated movement, impaired depth perception, and/or phorias may be experienced (Frohman et al., 2005; Jasse et al., 2013) . Taken together, the common visual ability impairments experienced by the MS population may impair the ability to detect, recognize, or distinguish objects while driving.
Visual attention is also critical for fitness to drive, as it involves determining what a person attends to and interprets in the driving environment (Owsley, Ball, Sloane, Roenker, & Bruni, 1991) . Visual attention impairments are very common among PwMS, and may be due to demyelination of the right frontal and posterior-parietal regions of the brain (Chiaravalloti & DeLuca, 2008; Pujol et al., 2001 ). Accordingly, individuals may experience slower visual processing speed, decreases in visual perception, and decreases in divided, selective, or sustained attention (DeLuca, Chelune, Tulsky, Lengenfelder, & Chiaravalloti, 2004; De Sonneville et al., 2002; Lamargue-Hamel et al., 2015; McCarthy, Beaumont, Thompson, & Peacock, 2005) . As a result, PwMS may be slower or unable to attend or process important roadway information.
Fitness to Drive Assessments
The Canadian Council of Motor Transport Administrators (CCMTA; 2015) provide standards and guidelines for assessing driver fitness in medically at-risk or unfit individuals.
Often, physicians are the first to identify and/or assess fitness to drive in their patients. In Ontario, physicians have a statutory duty to report anyone they believe to be medically unfit to drive to the Ministry of Transportation (CCMTA, 2015, p. 16) . Based on the medical condition, potentially unfit drivers may be referred to a ministry-approved functional assessment center for drivers, to undergo a variety of medical (e.g., ultrasounds, blood tests), functional (visual, cognitive, and/ or motor ability assessment), and/or road driving assessment (CCMTA, 2015, p. 16, 42) .
In Ontario, the Ministry of Transportation (Ministry of Transportation of Ontario [MTO], 2010) mandates that the fitness to drive of medically at-risk individuals, including PwMS, be assessed through a comprehensive driving evaluation, involving a medical and/or functional assessment, and an on-road assessment. Together, an occupational therapist, who may or may not be a (certified) driver rehabilitation specialist (CDRS/DRS), and a certified driving school instructor administer the on-road assessment (MTO, 2010) . Beforehand, the occupational therapist typically documents the driver's health and history, and then administers a battery of clinical assessments (Canadian Association of Occupational Therapists [CAOT], 2016). The assessment may examine the driver's physical ability to handle the vehicle (e.g., muscular strength required to step on the gas or brake pedals), cognitive (e.g., awareness of hazards) and visual-perceptual (e.g., attending to roadway information) abilities, and his or her responses to the traffic environment (e.g., responses in busy traffic areas; CAOT, 2016). Afterwards, the driving assessors provide feedback on the clinical and on-road assessment, and may or may not determine an on-road outcome (e.g., pass, pass with recommendation, fail remediable, fail), which we refer to as global rating score (GRS). Lastly, the driving assessors report back to the Ministry of Transportation who then make further fitness to drive determinations.
The Impact of Visual Ability and Visual Attention Impairments on Fitness to Drive of PwMS
Despite the prevalence and various types of visual ability and visual attention impairments experienced by the MS population, their impact on fitness to drive is not well studied. In the literature, two studies determined the relationships between visual abilities and aspects of fitness to drive of PwMS. One study found that visual acuity significantly predicts passing/ failing a standardized on-road assessment, which was administered by an occupational or physical therapist certified to conduct fitness to drive evaluations, and explains 21% of the total variance of the outcome of 218 PwMS (Ranchet, Akinwuntan, Tant, Neal, & Devos, 2015) . Conversely, the other study found no significant relationships between visual abilities (i.e., visual acuity, depth perception, color perception) and motor vehicle crashes/violations documented by the Department of Motor Vehicles (DMV), or self-report data of driving habits (e.g., does not drive in poor weather conditions, yes/no) of 66 PwMS (Schultheis, Manning, et al., 2010) . However, crashes and traffic violations tend to be rare events, underrepresenting incidents, while self-report data tend to over-/underestimate the impact that impairments have on driver fitness (Kay, Bundy, Clemson, Cheal, & Glendenning, 2012) . Therefore, the findings in this study may be skewed and subject to bias. Based on these two studies, we do not know the impact of visual abilities on fitness to drive of PwMS, and thus further research is necessary.
On the other hand, the literature indicates that visual attention impairments have a negative impact on aspects of fitness to drive in the MS population (Schultheis, Garay, & DeLuca, 2001; Schultheis et al., 2002; Schultheis, Weisser et al., 2010) . When compared with healthy individuals, PwMS with slower visual processing speed and decreases in divided and selective attention have higher risks of being involved in motor vehicle crashes and committing traffic violations (Schultheis et al., 2001; Schultheis et al., 2002) . In another study, although statistically nonsignificant, visualspatial learning and recall are the strongest predictors of collisions and frequency of motor vehicle violations (p = .06), whereas auditory processing speed is the strongest predictor (p = .07) of passing or failing an on-road assessment of 66 PwMS (Schultheis, Weisser et al., 2010) . Furthermore, visual processing speed, and divided and selective attention significantly distinguish passing/failing a standardized on-road test, administered by a driving school instructor, of 44 PwMS (Akinwuntan et al., 2012) . Together, these findings show that impairments in visual attention have an impact on fitness to drive of PwMS. However, due to the various reporting structures, findings may only apply to aspects of fitness to drive, such as a driver's history (e.g., crash data), which may not generalize to on-road settings, or provide a complete indication of the role visual attention impairments may play on fitness to drive in this population.
Rationale and significance. To determine the impact of vision and visual attention on fitness to drive of PwMS, researchers need to investigate several aspects of each construct. Additionally, research studies, using the gold-standard on-road assessment, with multi/interdisciplinary driving assessors experienced in driver assessment and intervention, are eminent. Therefore, the aim of our study was to quantify the visual and visual attention correlates of fitness to drive through an on-road assessment of 30 PwMS, as compared with 145 community-dwelling licensed older volunteer drivers (older volunteer drivers). By clarifying these relationships, occupational therapists may better understand the role of visual-cognitive systems on fitness to drive of PwMS. 
Design
We used a prospective research design with a convenience sample for PwMS. To minimize confounding effects on findings in PwMS, we compared their findings with secondary data from an existing data set of older volunteer drivers, via a reference group. The older volunteer drivers previously participated in on-road studies, and are fully described by Classen, Velozo, Winter, Bédard, and Wang (2015) .
Participants
PwMS. For this study, we recruited 30 PwMS from MS Clinics affiliated with the London Health Sciences Centre, in Southwestern Ontario, which have previously been reported by Classen et al. (2017) and Classen et al. (2016) . We included participants, aged 18 to 59 years, if they met the following inclusion criteria: had a physician-verified diagnosis of MS; had cognitive impairment in processing speed and in executive functioning or memory; and had a low physical disability as measured on the Expanded Disability Status Scale (EDSS; that is, 4.0 or less; Kurtzke, 1983) . These inclusion criteria ensured that we measured for the effects of visual-cognitive declines, not physical declines. Conversely, we excluded PwMS from the study if they met any of the following exclusion criteria: had a relapse within the last 3 months; had a high dose of corticosteroid treatment within the last month; took medication or illicit drugs that caused cognitive fatigue; had another diagnosis that could affect cognition, such as Alzheimer's Disease, bipolar disorder, or traumatic brain injury; said they were not comfortable driving on highways; or did not meet the MTO (2010) Older volunteer drivers. The older volunteer drivers' sample demographics (N = 200) are previously reported by Classen, Velozo, and colleagues (2015) . Overall, older volunteer drivers had some deficits in general cognition (mean mini-mental state examination = 27.99, SD = 1.84), but not below the cutpoint for continued driving (which is 26; Classen, Velozo, et al., 2015; Folstein, Folstein, & McHugh, 1975) . Most reported that they had a postsecondary level of education, drove every day of the week, did not have a health condition that limited their driving ability, and did not use hearing, mobility, or car assistive devices (Classen, Velozo, et al., 2015) . From the list of self-reported health conditions or comorbidities, most reported that they had heart disease, arthritis, or other musculoskeletal diseases (Classen, Velozo, et al., 2015) . For this study, we included 145 older volunteer drivers from Classen, Velozo, and colleagues (2015) to be a reference group if they met the following inclusion criteria: were 65 to 75 years old; had a valid driver's license; drove at the time of study recruitment; were able to complete demographic, medical, driving history, and driving habit questionnaires; and were able to drive the on-road assessment. Conversely, older volunteer drivers were excluded if they received medical advice not to drive; experienced uncontrolled seizures; took medication that caused central nervous system impairment; or did not meet the Florida state statute or MTO (2010) 
Measures
Demographic, medical, and health information. For PwMS, we included the following demographic information: age, gender, ethnicity, education, and employment. We also included the following medical and health information: type of diagnosis, years since first symptom and diagnosis, physical disability indicated by the EDSS, and the type and number of medication. For the older volunteer drivers, we included their age, gender, ethnicity, education, and type of selfreported visual and neurological impairments.
Clinical assessment for visual abilities. We used the OPTEC 2500® Visual Analyzer (OPTEC 2500; Stereo Optical, n.d., Chicago, IL) to assess the following visual abilities, binocularly: acuity, peripheral fields, color discrimination, depth perception, vertical and lateral phorias, and contrast sensitivity. The subtests of the OPTEC 2500 show valid predictions of fitness to drive abilities in persons with Parkinson's disease (Classen, Holmes, et al., 2015) . The older volunteer drivers were also assessed with the OPTEC 2500, and as such, those data were included in the analyses.
Clinical assessment for visual attention. We used the Useful Field of View ® (UFOV; Visual Awareness, 1999, Birmingham, AL) to assess visual attention. The UFOV is a computer-based assessment with the following three subtests: (Subtest 1) visual processing speed, (Subtest 2) divided attention, and (Subtest 3) selective attention (Ball, Owsley, Sloane, Roenker, & Bruni, 1993) . The UFOV is a valid predictor of driving outcomes in at-risk populations, including dementia and Alzheimer's disease, Parkinson's disease, and MS (Akinwuntan et al., 2012; Classen, Holmes, et al., 2015; Duchek, Hunt, Ball, Buckes, & Morris, 1998) . The older volunteer drivers were also assessed with the UFOV and those data were included in the analyses.
On-road assessment for PwMS. We used the standardized UWO on-road course and accompanying assessment, with displayed reliability and validity, described by Classen et al. (2017) and Classen et al. (2016) , to assess fitness to drive of PwMS. Driving assessors included a driving school instructor and an occupational therapist CDRS. The UWO on-road course is 36.2 km (23 miles) in length and approximately 1 hr in duration. The on-road course has 45 maneuvers that include driving through straight intersections and right/left turns, progressing from low to high task complexity, through residential, suburban, city, and highway environments. Within the assessment, an unstructured task, which involved a self-directed strategic navigational exercise, allowed both driving assessors to assess PwMS' executive functions and navigational skills. While PwMS drove the on-road assessment, the occupational therapist CDRS assessed the type, severity, frequency, and total number of driving errors in adjustment to stimuli, gap acceptance, lane maintenance (i.e., wide and encroaching turns), signaling, speed regulation, vehicle positioning, and visual scanning, as defined by Justiss, Mann, Stav, and Velozo (2006) and adapted by Classen et al. (2017) and Classen et al. (2016) . That is, for each driving maneuver in the on-road assessment, including the unstructured task, the occupational therapist CDRS scored yes/no if PwMS made driving errors and documented their severity on a 0 to 4 point scale (0 = makes no errors; 1 = makes one or more noncritical errors; 2 = makes one or more critical errors; 3 = requires verbal cues or minor physical intervention to modify maneuver; and 4 = requires critical physical intervention from the driving school instructor; Classen et al., 2017; Classen et al., 2016) . Then, the occupational therapist CDRS summed the total number of driving errors throughout the on-road assessment. Both driving assessors also scored on-road outcomes using a GRS by four levels (i.e., pass, pass with recommendations, fail remediable, fail) and with the top three Priority Error Rating Scores (i.e., three most frequently committed driving errors, not analyzed or further discussed in this study). The final onroad outcome was based on the severity, number and type of driving errors, and the GRS outcome (Classen et al., 2017; Classen et al., 2016; Justiss et al., 2006) . For the purposes of this study, we only analyzed the type, frequency, and total number of driving errors that occurred during turns or driving through straight intersections (not the unstructured task), and we dichotomized the GRS by four levels into pass (i.e., pass + pass with recommendations) and fail (i.e., fail + fail remediable) outcomes.
On-road assessment for older volunteer drivers. Classen, Velozo, et al. (2015) describe the standardized on-road course and accompanying assessment for the older volunteer drivers. The on-road course, with demonstrated reliability and validity, was also about 1 hr in duration, with 90 maneuvers, through straight intersections, right or left turns, and consisted of residential, suburban, and highway driving. According to the Florida Department of Transportation (2016), an occupational therapist CDRS can (singularly) assess the on-road outcomes of clients undergoing the on-road assessment. In this case, the occupational therapist CDRS was aware of clinical outcomes as participants comprised community-dwelling older drivers, used the GRS by four levels, and the same type and total number of driving errors as the UWO onroad assessment. For analytical purposes, we dichotomized the GRS from four levels into two levels (i.e., pass/ fail).
Procedure
PwMS. First, a psychometrist assessed PwMS' cognitive impairment, fatigue, depression, and anxiety (not further analyzed or discussed in this study). Then, referred to the UWO i-Mobile Research Lab, individuals completed a visual ability and visual attention assessment. If they did not meet the MTO vision standards (MTO, 2010), we advised them not to drive until further visual testing by an ophthalmologist or optometrist, and an approved vision waiver from the Ministry of Transportation.
After completing the clinical assessments, and upon meeting the MTO (2010) vision standards, PwMS participated in an on-road assessment, with the driving school instructor and occupational therapist CDRS blinded to all clinical assessments. The test vehicle was a 2012 Toyota Corolla with automatic transmission, four doors, dual brake, and rear and side view mirrors. As PwMS drove the UWO on-road course, the driving school instructor sat in the passenger seat, while the occupational therapist CDRS sat in the back seat behind the driving school instructor. Because the occupational therapist CDRS did not have a full view of the driver, a global positioning system was placed in the back seat to accurately track the speed of the vehicle in real time. During the drive, the occupational therapist CDRS assessed the type and number of driving errors on the UWO on-road assessment form (Classen et al., 2017; Classen et al., 2016) . After each drive, the driving school instructor and occupational therapist CDRS independently recorded a GRS by four levels. Then, the driving school instructor, occupational therapist CDRS, neurologist, and driving rehabilitation scientist debriefed with the PwMS. If PwMS failed the on-road assessment, we advised them not to drive, and the neurologist informed the MTO (2010), as per the Ontario law. Otherwise, if PwMS had the potential for rehabilitation (pass with recommendations or fail remediable), the occupational therapist CDRS completed the corresponding paperwork for referral to a driver rehabilitation unit. PwMS did not receive financial incentives.
Older volunteer drivers. In the Classen, Velozo, et al. (2015) study, the older volunteer drivers completed the demographic, medication, and driving questionnaires; underwent clinical testing; and then drove the on-road course. In a dual brake, 2004 Buick Century, with side and rear view mirrors, four doors, and an automatic transmission, the occupational therapist CDRS sat in the passenger seat to evaluate the driver. The occupational therapist CDRS recorded the number and type of driving errors and assigned a GRS by four levels. Participants received $100 for participating in that study.
Data Collection and Management
PwMS. A research team member assessed and documented PwMS on their visual abilities and visual attention, while the driving school instructor and occupational therapist CDRS assessed and recorded the on-road outcomes as previously discussed. A research team member scored, collated, and keyed all the data into IBM SPSS Statistics 24 (IBM Corporation). The coprincipal investigator ensured quality control checks of the data. Hard copies of clinical and on-road assessments were stored in a locked fireproof filing cabinet in the principal investigator's locked office. All electronic data were stored on the principal and coprincipal investigators' institutional computer networks on password-protected servers, as per ethics and UWO privacy and confidentiality protocol.
Older volunteer drivers. The secondary, de-identified data of the older volunteer drivers were stored on the UWO computer network on a password-protected server as per ethics and UWO privacy and confidentiality protocol. A research assistant went through the database and selected the older volunteer drivers who met the aforementioned inclusion criteria. Then, she exported and combined the databases to include the 145 older volunteer drivers and the 30 PwMS. For between-group comparisons, she converted the PwMS' variables to match the older volunteer drivers' variables. For example, because the driving errors were out of 45 maneuvers for the PwMS and 90 maneuvers for the older volunteer drivers, the research assistant converted the number of errors into percentages. In this database, the research team member coded and excluded any missing or incomplete data from the analyses. We excluded one PwMS in the analyses involving on-road outcomes because she did not meet the MTO (2010) vision standards. We also excluded 14 older volunteer drivers in some analyses for having incomplete data.
Data Analysis
We used IBM SPSS Statistics 24 (IBM Corporation) for all data analyses, conducted using a two-tailed alpha of p < .05. We used Shapiro-Wilk tests to determine if our sample was normally distributed. Then, we used means, medians, standard deviations, ranges, percentages, and frequencies for summary statistics of demographic, clinical, and onroad outcomes. As the data were not normally distributed, we used Wilcoxon rank-sum tests (also referred to as Mann-Whitney U test), chi-square tests, Fisher exact tests, or Cramer's V tests, to compare and evaluate the betweengroup differences on those outcomes of older volunteer drivers versus PwMS, as well as to examine the betweengroup differences on clinical outcomes and driving errors for PwMS who passed versus failed the on-road assessment. Based on the driving errors that significantly differentiated between passing versus failing the on-road assessment in PwMS, we used Spearman rho correlations (ρ) to quantify the bivariate relationships between those visual ability, visual attention, and driving errors of PwMS. A correlation of less than .30 was weak, .30 to .69 was moderate, and .7 to 1 was strong (Jackson, 2009, p. 142) . For the purpose of the exploratory analyses, we did not correct for multiple comparisons. Table 1 presents the demographics of 30 PwMS and 145 older volunteer drivers. PwMS (vs. older volunteer drivers) were significantly younger and took less medication. Both groups consisted of females and males, predominantly Caucasian, with a postsecondary level of education. Most PwMS were diagnosed with relapsing-remitting MS (57%), followed by secondary-progressive MS (33%), and then primary-progressive MS (10%). On average, MS diagnosis occurred 13 years prior, but first symptoms occurred 17 years prior to the study. PwMS had a low level of physical disability (EDSS: Median = 2.5, range = 2.5), but some still worked (43%), did not work due to disability (54%), or were retired (3%). In comparison, the older volunteer drivers self-reported visual impairments in cataracts (23%), glaucoma (9%), others (not specified; 7%), and macular degeneration (1%); and neurological impairments including Parkinson's disease (11%), others (i.e., brain disorder, peripheral neuropathy, peripheral nerve disorder, MS, epilepsy, or seizures; 10%), and stroke (2%). Table 2 presents the between-group differences of clinical and on-road outcomes of older volunteer drivers (n = 145) and PwMS (n = 29). PwMS (vs. older volunteer drivers) had significantly more intact contrast sensitivity and better selective attention, but made significantly more visual scanning, wide lane turn, vehicle positioning, adjustment to stimuli, and total number of driving errors. Yet, PwMS (vs. older volunteer drivers) made significantly less speed regulation and encroaching turning errors. The GRS by four levels for PwMS (vs. older volunteer drivers) was significantly different, indicating that older volunteer drivers mostly required driving recommendation (83%) or rehabilitation (7%), while more PwMS passed (52%) or failed (14%) the on-road assessment. Table 3 presents the between-group differences of clinical outcomes and driving errors for PwMS who passed (n = 24) versus failed (n = 5) the on-road assessment. PwMS who failed (vs. passed) made significantly more adjustment to stimuli, gap acceptance, and total number of driving errors.
Findings
Participant Demographics
Between-Group Differences of Clinical and OnRoad Outcomes of Older Volunteer Drivers and PwMS
Between-Group Differences of Clinical Outcomes and Driving Errors of PwMS Who Passed Versus Failed the On-road Assessment
Relationships Between Clinical and Driving Errors in PwMS
Based on the previous findings indicating that PwMS who failed (vs. passed) made significantly more adjustment to stimuli, gap acceptance, and total number of driving errors, we correlated them with the clinical outcomes, and reported only on statistically significant correlations. We found that more adjustment to stimuli errors correlated with poorer visual acuity (ρ = .50, p = .006); more gap acceptance errors correlated with slower visual processing speed (ρ = .40, Source: For visual acuity, persons with multiple sclerosis used the OPTEC 2500 ® Visual Analyzer, which is based off the Snellen visual acuity chart (Stereo Optical, n.d.). Note. df = degrees of freedom. The older volunteer drivers used the 10-foot Snellen visual acuity chart. On-road errors are a percentage out of 45 for persons with multiple sclerosis and 90 for older volunteer drivers, which is based on the total maneuvers of their on-road assessments. Bold indicates statistical significance with a two-tailed alpha of p < .05. 
Discussion
This study quantified the visual and visual attention correlates of fitness to drive of PwMS as compared with older volunteer drivers. Overall, PwMS were about 20 years younger than the older volunteer drivers. Although PwMS had a low level of physical disability, about half of them did not work. As a group, PwMS presented various progressions and types of MS, consistent with national statistics. Specifically, most had relapsing-remitting MS, followed by secondary-progressive MS, and then primary-progressive MS (MS Society of Canada, 2016) . In contrast, the older volunteer drivers, as expected among a sample of older adults, presented with a number of comorbidities, including selfreported visual and neurological impairments. Such comorbidities are consistent with the aging process (American Academy of Neurology, 2016; Centers for Disease Control and Prevention, 2015) .
As visual ability and visual attention impairments are prevalent in the MS population, we anticipated that PwMS (vs. older volunteer drivers) would have significantly poorer clinical outcomes. Conversely, the impaired contrast sensitivity and slower selective attention of older volunteer drivers may result from common age-related visual-cognitive declines (Classen, Dickerson, & Justiss, 2012, p. 234) . Notably, about 40% self-reported visual and 23% self-reported neurological impairment. This large percentage of older volunteer drivers experiencing visual or neurological impairment may be one reason why most clinical findings were nonsignificant between groups. Therefore, these findings need to be interpreted with caution.
Despite these clinical findings, PwMS (vs. older volunteer drivers) made more total and critical driving errors. Critical driving errors are those identified through statecrash-database analysis as being predictive of motor vehicle crashes. These include driving errors in lane maintenance, adjustment to stimuli, speed regulation, vehicle positioning, and gap acceptance (Classen, Shechtman, Awadzi, Joo, & Lanford, 2010) . Specifically, PwMS (vs. older volunteer drivers) made more critical driving errors in adjustment to stimuli, vehicle positioning, and wide lane turns. Furthermore, the GRS by four levels revealed that more PwMS (14%) versus older volunteer drivers (4%) failed the on-road assessment and did not need driving recommendations (31%) or rehabilitation (3%), unlike the older volunteer drivers, who mostly required driving recommendations (83%) or rehabilitation (7%). Overall, our preliminary findings may indicate that the total and critical driving errors committed by PwMS may lead to failing an on-road assessment or to an increased crash risk, but further empirical testing is necessary to support these claims.
Of PwMS, 17% failed the on-road assessment, which was consistent with previous literature (Akinwuntan et al., 2012; Lincoln & Radford, 2008; Schanke et al., 1995; Schultheis, Weisser et al., 2010; Schultheis et al., 2009 ). While we anticipated that PwMS who failed (vs. passed) the on-road assessment would have significantly poorer clinical outcomes, no significant differences were found. Conversely, Akinwuntan and colleagues (2012) reported that participants with relapsing-remitting MS who failed (n = 10; vs. passed, n = 34) an on-road assessment had more difficulty on blue-violet color perception, and on the UFOV, had slower visual processing speed, and decreased divided and selective attention. Our nonsignificant findings may be due to our small sample size, and not having adequate power to detect significant differences in outcomes.
Despite the clinical findings, PwMS who failed (vs. passed) the on-road assessment made more total and critical driving errors in adjustment to stimuli and gap acceptance, further inferring that those who make driving errors, predictive of crashes, may fail an on-road assessment. These initial findings suggest that PwMS who fail an on-road assessment may not be able to judge appropriate gaps (spaces) in the environment during turns and lane changes. Likewise, they may not be able to recognize important stimuli in the environment at a pace necessary to stay within the flow of traffic, leading to delayed or absent reactions. A follow-up adequately powered research study must determine the mechanisms, mediators, and moderators of visual-cognitive indicators in the fitness to drive abilities of those with MS.
Limitations
Some of the nonsignificant findings may be a result of the small sample size and not having adequate power to detect significant differences. Therefore, type II error may exist. In addition, we limited the sample to individuals with visualcognitive impairments, but not physical impairment or anyone experiencing relapses. As a result, the findings generalize to PwMS who fit these characteristics. The reference group consisted of community-dwelling licensed older volunteer drivers, some who had visual and neurological impairment, and as such, no direct comparisons can be made. Accordingly, confounding factors may impact the findings in the study. Furthermore, the secondary data of the older volunteer drivers limited our ability to ensure rigor in research methods and procedures between groups, and to make between-group comparisons on some outcomes, such as employment status. The older volunteer drivers self-reported the visual and neurological impairments they experienced (vs. obtaining formal and objective assessment or diagnoses like the PwMS). Accordingly, their self-reported data may have over-or underestimated the visual and neurological impairments they had truly experienced, and thus, may have increased the possibility of recall bias. Lastly, we only targeted visual indicators for investigating fitness to drive in this population.
Future research may examine the effects of visual, cognitive, and motor impairments in this population.
Strengths
Our team consisted of multiple disciplines with highly experienced professionals including a neurologist, driving rehabilitation scientist, biostatistician, occupational therapist CDRS, driving school instructor, and PhD-trained research assistant. We assessed fitness to drive with the gold-standard criterion and assessors qualified at the highest level. We presented first-time knowledge to correlating clinical outcomes with types of driving errors in this population.
Implications for Occupational Therapy
The moderate correlations between critical driving errors and visual acuity or visual processing speed may identify atrisk drivers with MS for failing an on-road assessment, yet validation is required using a larger, adequately powered sample size. Although these preliminary findings require further empirical validation, they suggest that PwMS who have poorer visual acuity or slower visual processing speed may not be able to clearly visualize or process important roadway information, such as signs and lane markings (adjustment to stimuli), or distances to take safe gaps (gap acceptance), and consequently commit those corresponding errors. Based on these findings, occupational therapists may use this evidence to supplement their clinical reasoning and decision-making in assessing driver fitness in PwMS. As such, occupational therapists may implement comprehensive visual ability and visual attention assessments into their protocols for assessing fitness to drive in this population. Furthermore, for researchers, these findings lay the foundation for generating hypotheses to further examine the mechanisms and predictive roles of visual abilities and visual attention on fitness to drive in the MS population.
Conclusion
Visual-cognitive impairments are common in PwMS. We quantified the bivariate relationships between visual abilities, visual attention, and fitness to drive of 30 PwMS, and compared them with 145 older volunteer drivers. We concluded that PwMS who failed the on-road assessment committed significantly more total and critical driving errors. Furthermore, these critical driving errors correlated with slower visual processing speed and poorer visual acuity. Future research may determine the visual-cognitive predictors of fitness to drive in this population.
